The method of multiple scales is used to determine a first-order uniform expansion for finite-amplitude plane waves of continuous waveforms propagating in a duct having a slowly varying cross section and filled with an inhomogeneous fluid. Losses due to the acoustic boundary layer or a slight wall admittance can be accounted for by decomposing the continuous waveform into its Fourier components and correcting the amplitude and phase of each component independently. Losses at shocks can be accounted for by using weak-shock theory. The results show that the shock formation distance tends to be shortened in a converging section and tends to be lengthened in a diverging section of the duct.
INTRODUCTION
We consider finite-amplitude plane waves propagating in a duet filled with a fluid which is initially at rest. We assume that the duet cross section, the mean pressure p•, and the mean density 9g are slowly varying with axial position.
The problem of finite-amplitude plane waves propagating in a homogeneous bounded or unbounded medium is well understood (see, for example, Blackstock t and Beyera).
Recently, the problem of finite-amplitude plane waves propagating in an inhomogeneous medium received con- A number of approaches have been developed to analyze the linear wave propagation in duets with variable cross sections (see, for example, the review article by Nayfeh, Kaiser, and Telionis7). These approaches inelude expansions for low frequencies, variational methods, expansions for slowly varying cross sections, solutions for slight wall undulations, and approximations of the duet by series of stepped uniform sections.
In this paper, we use the method of multiple scales 8 to determine a first-order uniform expansion for finiteamplitude plane lossless waves in a duet of slowly varying cross section and filled with an inhomogeneous fluid.
I. PROBLEM FORMULATION
We consider finite-amplitude plane waves propagating in a duet with a slowly varying cross section. We assume the fluid to be inviseid, irrotational, and initially quiescent with a nonuniform pressure pg and a nonuniform density t•. We introduce dimensionless quantities 
To determine an approximate solution to Eqs. 1 and 6, we assume that the initial density Po, the initial pres- 
